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INTRODUCTION 

The  need  for  an  effective  arousal  or  analeptic  agent  for  use  in  the  equine 
species  has  been  generally  recognized;  particularly  so  because  of  the  variable 
response  to  intravenous  anesthetics  which  occiors  in  this  species.    This  varia- 
tion in  response  has  been  variously  attributed  to  the  metabolic  rate,  existing 
disease  or  diseases,  concentration  and/or  rate  of  administration  of  the  anes- 
thetic agent,  tolerance  to  the  anesthetic,  concurrent  administration  of  other 
drugs,  idiosyncrasies  and  hemorrhage.     It  should  be  standard  procedure  to  have 
an  arousal  and  analeptic  agent  available  with  which  to  lighten  the  level  or 
depth  of  anesthesia  should  respiratory  embarrassment  or  extreme  depression 
occur  thereby  allowing  the  surgeon  to  continue  with  the  surgical  procedirre 
knowing  that  some  of  the  hazards  from  the  anesthesia  have  been  controlled. 

It  is  often  desirable  to  shorten  the  recovery  time  following  general 
anesthesia.    Agents  having  this  quality  could  be  administered  upon  completion 
of  surgery  resulting  in  the  horse  attaining  a  standing  position  within  a  few 
minutes,  then  walking  to  his  stall  to  further  recover  from  the  anesthetic. 
Many  hours  have  been  spent  attending  and  restraining  a  horse  during  its  re- 
covery from  various  intravenous  anesthetics.    Only  attendants  which  are  quali- 
fied and  experienced  in  handling  horses  recovering  from  anesthesia  should  be 
utilized  in  order  to  prevent  inj\ary  to  the  horse  or  to  the  attendant.  These 
are  special  problems  which  confront  the  veterinary  sirrgeon.    Many  veterinarians 
avoid  general  anesthetics  in  the  horse  because  of  the  long  and  often  unpre- 
dictable periods  of  recovery.  ■ 

Intravenous  anesthetics  are  most  commonly  used  for  general  anesthesia  be- 
cause of  the  ease  of  administration,  relative  low  cost  of  equipment  needed. 
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and  the  minimal  requirement  for  professional  assistants  to  maintain  anesthesia. 
However,  practicing  veterinarians  often  hesitate  to  use  general  anesthesia  due 
to  their  lack  of  confidence  in  the  anesthetic  agents  and  the  prolonged  and  often 
unpredictable  recovery  period  necessitating  an  experienced  person  to  attend  the 
animal  during  this  period. 

If  an  agent  were  available  to  eliminate  the  latter  grievance  by  shortening 
the  animal's  recovery  period,  more  surgery  would  be  attempted  which  today  seems 
too  formidable  to  many  veterinary  surgeons. 

The  purpose  of  this  investigation  was  to  evaluate  vanillic  acid 
diethylamide^  (VAD)  and  pentylenetetrazol^  for  use  as  such  arousal  agents  in 
the  horse  following  intravenous  anesthesia. 

REVIEW  OF  LITERATURE 
Chloral  Hydrate 

As  reported  by  Gilmour  (l93it-),  Flourens  was  the  first  to  use  general 
anesthetics  in  animals  in  18^4-7.    Flourens  utilized  chloroform  to  anesthetize 
animals.    Soil man  {19UQ)  reported  that  the  first  fundamental  scientific  work 
on  anesthetics,  was  published  by  Snow  in  I858.  .  - 

Chloral  hydrate  was  first  made  by  laebig  in  I832.    In  I869,  Liebrich  uti- 
lized chloral  hydrate  as  an  anesthetic  agent  on  the  assumption  that  it  would 
be  converted  ta  chloroform  in  the  organism,  as  it  is  by  alkalies  in  the  test 
tube.    The  theory  was  later  disproved;  the  blood  and  expired  air  contain  no 
chloroform  or,  at  most,  insignificant  traces. 

-L"Emivan";  U.  S.  Vitamin  and  Pharmaceutical  Corporation,  New  York,  New  York. 
2"Metrazol";  Knoll  Pharmaceutical  Company,  Orange,  New  Jersey. 


Ore  (1872-3),  after  making  preparatory  tests  in  dogs,  produced  anesthesia 
in  man  by  the  intravenous  injection  of  chloral  hydrate.    There  vere  several 
fatalities,  however,  and  by  I877  the  method  had  been  discarded  in  man.  Wright 
(1952)  stated  that  Humbert  is  credited  -with  the  trial  of  this  agent  in  horses. 
Nocard  (1886,  as  reported  by  Wright)  reported  that  he  had  used  a  33  per  cent 
aqueous  solution  of  chloral  hydrate  intravenously.    He  utilized  this  solution 
in  the  horse,  ox,  and  dog.    He  also  reported  that  in  50O  to  60O  injections  he 
had  had  no  anesthetic  deaths. 

Chloral  hydrate  is  excreted  in  the  urine  in  I-1/2  to  I8  hours  as  the  non- 
toxic trichlorethyl  glucuronic  acid  (Merring,  I88I  as  taken  from  Sollman,  19^8). 
It  is  postulated  that  chloral  hydrate  is  converted  in  the  body  to  trichlorethyl 
alcohol  which  is  then  conjugated  in  the  liver  with  glucuronic  acid,  forming 
trichlorethyl  glucuronic  acid  which  is  eliminated  through  the  kidneys  (Payne, 

Tolerance  to  chloral  hydrate  is  due  to  increased  capacity  of  the  liver  to 
conjugate  chloral  hydrate  (Mitzescu,  1930  as  reported  by  Sollman). 

A  study  conducted  on  mice  by  Mackay  and  Cooper  (1962)  at  Yale  University 
indicated  that  chloral  hydrate  is  in  itself  a  potent  hypnotic,  but  of  short 
duration,  and  that  its  action  is  limited  by  a  rapid  reduction  to  trichlorethanol 
with  the  later  compound  continuing  the  hypnotic  activity.    The  level  of  chloral 
hydrate  and  trichloroethanol  in  the  brain  was  correlated  with  the  degree  of 
hypnosis. 

•Goffinet  (l939)  observed  that  chloral  hydrate  was  the  best  anesthetic  for 
the  equine  species.    He  based  this  observation  on  the  basis  of  no  excitement, 
anguish -or  struggling  as  hypnosis  gradually  became  established. 

Fdiwler -(19^10)  recommended  the  administration  of  chloral  hydrate  as  a  7 
per  cent  or  a  12.5  per  cent  solution.    His  suggested  rate  of  administration 


vas  1  pint  over  a  15-ininute  period.    The  administration  is  continued  until  the 
corneal  reflex  is  almost  obliterated.     Hie  depth  of  anesthesia  will  increase 
for  about  2  to  3  minutes  following  the  discontinuance  of  the  injection  and 
will  maintain  this  level  for  approximately  30  minutes. 

Chloral  hydrate  may  also  be  given  by  stomach  tube.    Bemis  et.  al. ,  (l92^) 
gave  1-1/2  to  2  ounces  via  a  stomach  tube  and  then  used  a  local  anesthetic  at 
the  surgical  site.    Fowler  (l9^)  used  a  combination  of  intravenous  and  oral 
chloral  hydrate.    For  an  average  I5OO  pound  horse,  he  would  give  2  ounces  by 
stomach  tube  followed  by  90  grams  of  chloral  hydrate  intravenously.  Fowler 
recommended  withholding  feed  and  water  for  5  hours  following  chloral  hydrate 
anesthesia. 

Banks  (19^3)  recommended  the  use  of  a  mixture  of  12  per  cent  chloral 
hydrate  and  6  per  cent  magnesium  sulfate  in  the  horse.     He  found  that  this 
mixture  was  less  irritating  than  chloral  hydrate  when  given  perivascularly 
or  intramuscularly  by  accident.    Goffinet  (l939)  stated  that  the  irritant 
action  of  chloral  hydrate  on  the  subcutaneous  and  perivascular  tissue  when 
the  needle  is  accidently  misplaced  had  been  exaggerated. 

Millenbruck  and  ¥allinga  (l9^)  considered  chloral  hydrate  to  be  unde- 
sirable because  of  excessive  floundering  during  the  excitement  stage  and  again 
during  the  period  of  recovery.    They  further  stated  that  there  is  considerable 
danger  from  the  toxicity  of  chloral  hydrate  in  doses  necessary  for  complete 
anesthesia,  so  it  must  be  used  with  caution.     Ttie  combination  of  2  parts 
chloral  hydrate  and  1  part  magnesium  sulfate  produced  less  excitement  with 
the  recovery  time  remaining  approximately  the  same. 

According  to  Millenbruck  (l9^),  nystagmus  and  corneal  reflexes  are  pre- 
dominant guides  for  determining  the  dosage  of  chloral  hydrate.    When  the 


oscillatory  movement  of  the  eyeball  aljnost  stops  and  the  animal  takes  a  deep 
breathy  the  stage  of  surgical  anesthesia  has  been  reached. 

Fowler  ( 19^40)  stated  that  the  advantages  of  chloral  hydrate  are  that  the 
surgeon  does  not  require  a  skilled  anesthetist  and  there  is  no  irritation  of 
the  respiratory  system.  The  disadvantages  of  chloral  hydrate  are  that  it  is 
difficult  to  regulate  the  depth  of  anesthesia,  the  long  period  of  recovery, 
and  like  other  anesthetic  agents,  once  it  is  administered  it  cannot  be  with- 
drawn. 

Goffinet  (l939)  stated  that  surgical  anesthesia  is  characterized  by 
lateral  oscillations  of  the  eyes  and  slowing  down  of  respirations.  The 
awakening  is  announced  by  movement  of  the  legs  and  head  with  the  duration  of 
recovery  varing  from  1  to  2  hours. 

Fowler  (,19ko)  proposed  the  following  criteria  for  determining  the  depth 
of  anesthesia  in  the  horse:    in  the  human  and  some  species  of  the  lower  animals 
the  corneal  reflex  is  obliterated  in  the  first  plane  of  the  third  stage,  whereas 
in  the  horse  this  reflex  does  not  completely  disappear  until  the  beginning  of 
the  third  plane  when  anesthesia  becomes  profound.    In  the  horse  nystagmus 
ceases  and  the  corneal  reflex  may  be  obliterated  in  the  second  plane  of  the 
third  stage  just  before  the  third  plane  is  reached.    Respirations  are  slow  and 
regular  and  the  pulse  is  strong  and  regular.    In  the  third  plane  of  the  third 
stage  the  corneal  reflex  is  lost.    Respirations  are  regular  and  completely 
abdominal  and  the  pulse  weakens.    Muscular  relaxation  is  complete.    The  tone  of 
the  anal  and  bladder  sphinters  relax  as  the  fourth  plane  is  reached.    In  the 
fourth  plane  the  pulse  rate  increases  but  the  force  decreases.     The  pupil  fre- 
quently dilate,  but  the  dilation  of  the  pupil  is  lessened  to  the  extent  that 
it  may  escape  notice  when  chloral  hydrate  is  used  as  the  anesthetic. 
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Danks  (19^4-3)  suggested  that  the  second  plane  of  the  third  stage  was  corre- 
sponding to  surgical  anesthesia.    In  the  second  plane  or  surgical  anesthesia  the 
palpebral  reflex  is  lost  and  the  corneal  reflex  is  weakened  or  absent.  Other 
characteristics  are  the  absence  of  nystagmus^  strong  regular  pulse,  slow 
regular  abdominal  breathing  and  complete  relaxation  of  the  skeletal  muscles. 
Besides  surgical  anesthesia.  Banks  also  used  hypnosis  and  incomplete  surgical 
anesthesia  as  distinct  categories. 

Ford  (1951)  considered  the  animal  to  be  in  narcosis  when  the  animal  made 
the  slightest  movement  in  response  to  a  pinprick.    The  narcosis  described  by 
Ford  would  correspond  to  the  second  plane  of  the  third  stage  as  described  by 
Fowler.  .  '      ■      "  '" 

Tavernor  (1961)  stated  that  surgical  anesthesia  was- characterized  by 
closure  of  the  eyelids,  slow  shallow  respirations,  loss  of  anal  reflex,  con- 
striction of  the  pupil,  and  the  loss  of  the  palpebral  reflex.     He  suggested 
that  the  corneal  reflex  would  persist  to  the  point  of  bulbar  paralysis. 

,  -  SODIUM  PEWTOBAEIBITAL        :  ,  ' 

•  If  urea  reacts  with  malonic  acid,  barbituric  acid  is  formed.    By  the 
alteration  in  the  chemical  configuration  of  barbituric  acid  the  various 
derivatives  are  created.    The  barbiturates  occur  as  white  ciystaline  powders 
and  have  a  bitter  taste.     The  free  acids  are  slightly  soluble  in  alcohol.  The 
sodium  salts  are  soluble  in  water  but  decompose  upon  standing  (Groves,  195l)- 

Barbital  is  classed  as  a  hypnotic  and  sedative  (Goodman  and  Gillman,  19^l)- 
The  derivatives  of  barbital  are  classified  in  the  order  of  the  duration  of 
their  effect  as  either  long,  intermediate,  short,  or  ultrashort. 


It  is  generally  accepted  ttiat  the  bartiiturates,  with  the  exception  of 
phenobarbital  and  barbital,  are  metabolized  in  the  liver.    Phenobarbital  or 
barbital  are  not  metabolized  in  the  body  and  are  eliminated  by  the  kidneys. 

The  principle  effect  of  the  barbiturates  is  the  depression  of  the  central 
nervous  system  by  interfering  with  the  passages  of  impvilses  to  the  cerebral 
cortex  (Sollman,  19k8). 

Pentobarbital  was  first  used  as  a  general  anesthetic  in  veterinary  sxirgery 
by  Kreutzer,  Haigler,  and  Sweebe  in  1931  (Wright,  1952).    At  the  onset  the  drug 
was  administered  by  intraperitoneal  injection  in  the  dog  and  cat.    Wright  (l952) 
employed  pentobarbital  sodium  as  an  anesthetic  agent  in  the  horse  by  rapid 
injection  using  a  pumping  apparatus.     He  also  used  gravity  flow  following 
casting.    Wright  stated  that  the  rapid  injection  of  1  grain  per  7  pounds  pro- 
voked deep  narcosis  and  the  animal  was  able  to  regain  his  feet  in  1  to  2  hours. 
In  the  gravity  flow  method  the  animal  was  cast  and  restrained^  and  pentobarbi- 
tal sodium  was  injected  over  a  6-minute  period  to  produce  anesthesia. 
Anesthesia  was  assessed  by  the  degree  of  muscular  relaxation  and  the  loss  of 
response  to  pricking  of  the  skin.    The  dose  required  to  induce  medium  depth 
anesthesia  varied  from  1  grain  per  5  pounds  to  1  grain  per  6  poimds.    At  this 
depth  muscular  relaxation  was  complete,  the  eyelids  drooped,  and  there  was  a 
sluggish  corneal  reflex  present.     The  pulse  was  accelerated  (80  to  90)  BJid 
respirations  slow  (2  to  3  per  minute)  and  deep.    Anesthesia  was  maintained 
for  30  to       minutes.    The  recovery  rate  was  slow  and  a  period  of  about  it- 
hours  elapsed  before  the  animal  was  able  to  regain  its  feet.    In  several 
cases  the  period  of  recovery  was  associated  with  marked  narcotic  excitement 
and  struggling  making  it  necessary  to  maintain  effective  restraint. 

Sweebe  (l936,  as  reported  by  Wright  in  1952)  stated  that  a  dose  of  25  to 
35  grains  of  pentobarbital  injected  intravenously  will  put  a  horse  "out"  on 
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its  feet,  but  Wright  (l952)  stated  that  the  animal  becomes  only  hyperesthetic 
in  his  experience.  - 

Jones  (1961)  stated  that  intravenous  barbiturates  should  not  be  used 
in  the  horse  without  preanesthetic  sedation.    Jones  et.  al. ,  (1960)  stated  that 
when  using  intravenous  barbiturates,  the  speed  of  induction  and  duration  of 
the  anesthesia  depend  on  the  rate  of  injection  of  the  anesthetic.    The  dose  re- 
quired for  induction  of  anesthesia  by  rapid  intravenous  injection  is  much 
smaller  than  that  normally  used. 

When  the  injection  is  made  slowly,  the  barbiturate  is  taken  up  by  the 
tissue,  (particularly  the  fatty  tissues),  so  that  the  concentration  reaching 
the  brain  is  diminished.    However,  rapid  injection  leaves  little  time  for 
migration  of  the  barbiturates  into  the  tissues,  and  consequently  the  concen- 
tration reaching  the  brain  is  relatively  higher  (Jones  et.  al. ,  i960). 

If  no  additional  anesthetic  is  administered  following  rapid  induction, 
the  concentration  in  the  brain  falls  rapidly  due  to  distribution  of  the 
anesthetic  from  the  brain  to  other  tissues.    Following  slow  induction,  redis- 
tribution of  the  anesthetic  from  the  brain  to  other  parts  of  the  body  occurs 
more  slowly,  and  the  duration  of  the  anesthesia  is  therefore  more  prolonged 
( Jones  et.  al. ,  I960). 

Arthur  et.  al.  (l953)  used  1  grain  of  pentobarbital  sodium  per  100 
pounds  of  body  weight  to  reach  a  state  of  sedation.    Schlotthauer  also  sug- 
gested the  dose  of  pentobarbital  sodium  required  to  produce  sedation  in  the 
horse  to  be  1  grain  per  100  pounds  of  body  weight  (as  reported  by  Wright). 

Millenbruck  and  Wallinga  (19^6)  used  175  "to  225  grains  of  pentobarbital 
sodium  for  anesthesia  but  stated  that  its  disadvantages  were  a  prohibitive 
cost,  excitement  stage  during  recovery,  and  slow  recovery. 
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Deaiks  (19^1-3)  recommended  a  dosage  of  1  grain  of  pentobarbital  sodium  per 
15  pounds  of  body  veigbt  for  complete  anesthesia,  1  grain  per  20  pounds  of 
body  weight  for  incomplete  anesthesia,  and  1  grain  per  25  pounds  of  body 
veight  for  hypnosis.    Banks  also  stated  that  following  administration  of 
pentobarbital  sodium  the  patient  sometimes  fell  over  backwards  and  that  this 
movement  was  dangerous  both  to  the  patient  and  to  attendants. 

Fowler  {l9hO)  found  pentobarbital  sodium  useful  in  the  foal.    He  recom- 
mended a  dose  of  75  to  375  grains  for  foals  and  as  high  as  1125  grains  for 
older  colts.    Fowler  cited  the  advantages  of  pentobarbital  sodium  anesthesia 
to  be  smooth  induction,  small  quantity  of  solution  needed,  ajid  little 
postanesthetic  depression.    The  disadvantages  according  to  Fowler  were  the 
prolonged  recovery  time,  expense,  and  the  hazards  of  its  use  in  the  presence 
of  respiratory  disorders. 

Frank  (l959)  reported  excellent  resvilts  from^the  use  of  pentobarbital 
sodium  as  a  sedative.    He  suggested  an  intravenous  dose  of  15  grains  for  a 
1,000  pound  horse  and  increasing  it  for  a  larger  or  nervous  horse.  Frank 
also  stated  that  pentobarbital  sodium  is  not  usually  used  as  a  general 
anesthetic  due  to  its  long  recovery  period  and  expense  involved. 


Vanillic  acid  diethylamide  is  a  white,  crystalline  powder,  that  is 
slightly  soluble  in  water.    It  was  synthesized  by  Kratzl  and  Kvasnicka  in 
1952  (Anderton  et.  al. ,  1962).    It  has  the  following  chemical  structure: 


VANILLIC  ACID  DIETHIIAMEDE 


CHqO 


0 


P2H5 
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The  L.D.50  is  15  mg./kg-  intravenously  and  90  mg./^g-  orally  in  mice 
(Romagnoli  and  Diamond,  I961).    They  also  reported  that  the  respiratory 
volume  increased  100  per  cent  in  rabbits  following  administration  of  2  mg./kg. 
of  VAD  intravenously.    The  response  is  maximum  in  60  seconds  and  terminates 
in  10  minutes.    Romagnoli  and  Diamond  also  reported  VAD  as  15  times  as 
effective  as  nikethamide  and  k  times  as  effective  as  metrazol  as  a  respir- 
atory stimulant.    This  response  occurs  irrespective  of  the  depressing 
cause.  '  '  ■ 

Bernstein  (i960)  employed  VAD  as  an  analeptic  agent  in  8  cases  of  barbiturate 
poisoning  in  human  beings.    Ten  mg./kg.  vere  given  intravenously  and  repeated 
at  10-minute  intervals  until  signs  of  overdosage  occurred.    The  signs  of  an 
overdosage  as  reported  by  Cole  et.  al.  (1960)  are  flushing,  sneezing, 
coughing,  excitation,  diaphoresis,  generalized  prxaritis,  and  muscular 
twitching.    Cole  gave  20  mg./kg.  of  VAD  to  patients  that  had  attempted  suicide 
by  taking  an  overdosage  of  barbiturates.    This  dose  was  given  over  a  6  hour 
period. 

Miller,  et.  al. ,  (^960)  found  that  VAD  stimulated  the  vasomotor  center, 
exerted  an  arousal  effect,  and  was  a  potent  respiratory  stimulant.    When  VAD 
was  given  intravenously  to  mice,  it  caused  a  marked  increase  in  both  frequency 
and  amplitude  of  respiration  emd  a  moderate  increase  in  arterial  blood 
pressure.    He  injected  VAD  intravenously  in  doses  of  O.5  to  2  mg./kg.  and 
the  effects  were  noted  within  30  seconds  and  the  effects  lasted  approximately 
10  minutes.    He  found  that  there  was  an  average  increase  in  tidal  respiratory 
volume  of  kQ  per  cent  and  in  respiratory  rate  of  2k  per  cent. 

Slater  (1962)  u+ilized  VAD  following  anesthesia  in  man.    He  found  that  the 
most  effective  time  for  administering  VAD  was  just  after  the  return  of  the 


swallowing  reflex  and  central  fixation  of  the  eyeballs.    The  average  time  for 
the  return  to  a  state  of  orientation  and  coordination^  so  the  patient  might 
he  considered  ambulatory,  was  15  minutes.    All  of  the  patients  received  a 
barbiturate  75  minutes  preoperatively,  either  orally  or  by  suppository  and 
adults  were  given  atropine  intravenously  immediately  prior  to  induction  with 
a  thiobarbiturate.    Nitrous  oxide,  halothane,  and  oxygen  combinations  were 
used  in  either  a  partial  rebreathing  or  an  endotracheal  nonrebreathing  mask 
and  system.    A  dosage  of  k-  mg./kg.  of  VAD  was  administered  over  1  to  2  minutes 
starting  i^■  to  5  minutes  following  completion  of  the  surgical  procedure. 
Anesthesia  had  been  maintained  at  plane  1  of  stage  3  for  most  of  the  surgical 
operations.  ■ 

Antelyes  (1962)  administered  doses  ranging  from  2  to  ^l-  mg./lb.  to  dogs 
and  cats  that  had  been  anesthetized  with  pentobarbital  sodium.    Some  of  the 
animals  were  premedicated  with  a  solution  of  morphine  sulfate  {l/k-  grain/cc.) 
and  atropine  sulfate  (1/15O  grain/cc.)  on  the  basis  of  1  cc./25  lb.  of  body 
weight.    Ihe  animals  were  anesthetized  to  stage  III,  plane  3  or  k  for  the 
siirgical  procedures.    Control  animals  were  given  anesthetic,  with  and  without 
premedication.    The  VAD  was  given  intravenously  taking  60  seconds  or  more. 
In  each  of  the  treated  animals  there  was  an  immediate  increase  in  depth  of 
respiration.    The  respiratory  rate  increase  also  consistently  occurred.  Re- 
covery time  to  partial  consciousness  or  safe  level  was  shortened  in  all  of  the 
VAD  trials.    The  premedicated  animals  responded  more  favorably  than  those  that 
were  not  premedicated. 
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PMTYIENETEOSIAZOL 


Pentylenetetrazol  was  first  synthesized  in  1923  (Schmidt,  1925)  and  is 


classified  as  a  central  convulsant  drug.  It  has  the  structure  shown  in  the 
accompeinying  formula. 


Pentylenetetrazol  directly  stimulates  and  a  harhiturate  directly  depresses  the 


The  primary  site  of  action  of  pentylenetetrazol  is  in  the  central  nervous 
system.    The  principal  target  cells  for  pentylenetetrazol  are  those  in  the 
medulla  and  midbrain.    In  larger  doses  its  action  ascends  to  the  cerebral 
cortex  and  descends  to  the  spinal  cord  (Krantz  and  Garr,  I961).    The  action  of 
the  drug  appears  to  he  one  of  direct  stimulation  and  not  reflexly  through  the 
carotid  body. 

The  arousing  influence  of  pentylenetetrazol  was  extensively  studied  in 
narcosis  produced  by  sodium  barbital  (Tartler,  1937)-     The  same  findings  were 
made  by  Barlow  in  1935  using  pentylenetrazol  on  pentobarbital  sodium,  chloral 
hydrate,  and  tribromethanol  induced  narcosis.    In  all  experiments  with  barbiturate 
narcosis  in  animals,  pentylenetetrazol  exerted  a  strong  action  to  arouse  the 
subject  in  narcosis.    Barlow  (l946)  utilized  pentylenetetrazol  to  awaken  dogs 
from  pentobarbital  sodium  anesthesia  by  slowly  administering  the  drug  until 
the  animal  responded  and  this  was  generally  from  2  to  3  cc.  (200  to  300  mg.). 
Morris  and  Eastman  (1936)  also  commented  on  the  ability  of  pentylenetetrazol 
to  shorten  injectable  barbiturate  anesthesia  and  quoted  Pulton  and  Keller  (l932) 


H2  ^2 


H2C 


H2C 


H2  K — N 


medxilla  and  the  cerebral  cortex  (Pleuger,  19^2). 
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as  follows:    "It  (pentylenetetrazol)  appears  to  be  a  specific  stimulant  of  the 
cerebral  cortex  and  after  anesthetics  such  as  pentobarbital  sodium;,  adminis- 
tration of  pentylenetetrazol  restores  cortical  excitability^  usually  within  a 
period  of  5  to  10  minutes  after  subcutaneous  injection." 

Alfredson  (l94l)  demonstrated  that  a  therapeutic  dose  of  pentylenetetrazol 
would  increase  the  average  respiratory  rate  from  3*6  to  19-8  per  minutes. 

The  distribution  fate  and  excretion  of  pentylenetetrazol  has  been  studied 
in  rats  by  means  of  radioactive  tagging  of  pentylenetetrazol.  Pentylene- 
tetrazol concentrates  in  the  liver  and  the  major  route  of  excretion  is  the 
kidney  where  most  of  the  excretion  occurs  within  kQ  hours  (Esplin  et.  al. , 

-  MATERIAIS  MD  METHODS 

Eight  horses  were  utilized  in  the  study.    Four  of  the  animals  were  females 
and  h  were  castrated  males.    Ages  of  the  experimental  animals  ranged  between 
l8  months  and  30  years.    The  weights  ranged  between  I36  and  kjj  kilograms. 
Table  1  shows  the  age^  sex,  and  weight  of  each  of  the  experimental  animals. 


Table  1. 

Age,  sex, 

and  weight  of  experimental  animals 

Horse  No. 

Age 
(years) 

Weight 
(kilograms ) 

Sex 

1  ■ 

2 

136 

male 

3 

30 

-      .  ■        277      •  •  ■ 

female 

Ij- 

6 

:  k66 

male 

5 

1-1/2 

236    ■  ^ 

female 

6  ' 

13 

female 

7 

7 

k.36      .  ■ 

male 

11  ' 

1-1/2 

200 

female 

12 

7 

I1.77 

male 

Each  animal  was  anesthetized  8  times  with  either  pentobarbital  sodium^ 
or  a  mixture  of  chloral  hydrate-magnesium  sulfate^.    Thirty-five  trials  vera 
conducted  with  pentobarbital  sodium  and  29  trials  were  conducted  with  chloral 
hydrate-magnesium  sulfate  as  the  anesthetic.    Fifteen  control  trials  were  con- 
ducted with  pentobarbital  sodium  as  the  anesthetic  agent.    Eleven  control 
trials  were  conducted  with  chloral  hydrate-magnesium  sulfate  as  the  anesthetic 
agent.    Table  2  illustrates  the  breakdown  of  the  anesthetic  trials. 

Table  2.    Breakdown  of  experimental  trials. 


Horse  No. 

P 

P7 

C 

CV 

Total 

1 

2 

2 

1 

1 

1 

1 

8 

3 

3 

1 

1 

1 

1 

1 

8 

1^ 

2 

2 

1  ■ 

1 

1 

1 

8 

5 

1 

1 

2 

1 

1 

2 

8 

6 

2 

1 

1 

1 

2 

1 

8 

.  7  ' 

2 

1 

1 

2 

1 

1 

8 

11 

1 

0 

3 

2 

1  . 

1 

8 

12 

_2 

1 

_! 

_2 

1 

1 

__8 

Total 

15 

9 

11 

11 

9  ' 

9 

6k 

P    =  Pentobarbital  sodium 

PV  =  Pentobarbital  sodium  with  VAD 

Pp  =  Pentobarbital  sodium  with  pentylenetetrazol 

C    =  Chloral  hydrate-magnesium  sulfate 

CV  =  Chloral  hydrate-magnesium  sulfate  with  VAD 

C-n  =  Chloral  hydrate-magnesium  sulfate  with  pentylenetetrazol 


•^"Diabutal";  Diamond  laboratories;  Des  Moines,  Iowa. 
2"Relaxan";  Pitman-Moore  Company,  Indianapolis,  Indiana. 


Table  3  shows  the  order  in  which  the  trials  were  run.    Each  animal  served  as 
its  own  control,  this  being  necessitated  by  the  individual  variation  in  re- 
sponse to  the  anesthetic  agents.     Each  animal  had  at  least  2  control  trials, 
one  while  under  pentobarbital  sodium  induced  anesthesia  and  one  under  chloral 
hydrate-magnesium  sulfate  induced  anesthesia.    At  least  k  days  were  allowed 
between  any  2  of  the  anesthetic  trials  and  at  least  8  days  were  allowed  between 
any  2  pentobarbital  sodium  induced  anesthetic  trials  or  between  any  chloral 
hydrate-magnesium  sulfate  induced  anesthetic  trials. 


Table  3-     Order  of  experimental  trials. 


Horse 

Trial 

Trial 

Trial 

Trial 

Trial 

Trial 

Trial 

Trial 

No. 

No.  1 

No.  2 

No.  3 

No.  k 

No.  5 

No.  6 

No.  7 

No.  8 

1 

P 

C 

PV 

Cp 

Pp 

CV 

P 

PV 

3 

,  P 

CV 

PV 

Cp 

Pp 

c 

P 

P 

P 

Cp 

PV 

C 

PV 

Pp 

CV 

P 

5 

P 

Cp 

Pp 

c 

PV 

CV 

Pp 

6 

C 

p 

CV 

Cp 

Pp 

CV 

PV 

P 

7 

P 

c 

CV 

PV 

Cp 

p 

C 

11 

c 

CV 

p 

Cp 

c 

12 

c 

Pp 

Cp 

p 

CV 

p 

c 

P    =  Pentobarbital  sodium 

PV  =  Pentobarbital  sodium  with  VAD 

Pp  =  Pentobarbital  sodium  with  pentylenetetrazol 

C    =  Chloral  hydrate-magnesium  sulfate 

CV  =  Chloral  hydrate-magnesium  sulfate  with  VAD 

Cp  =  Chloral  hydrate-magnesium  sulfate  with  pentylenetetrazol 

The  injections  of  all  the  drugs  were  into  the  jugular  vein  via  a  l6-gauge 
1-1/2"  needle.    All  injections  of  pentobarbital  sodium  and  pentylenetetrazol 
were  made  utilizing  a  hypodermic  syringe.    Injections  of  chloral  hydrate- 
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magnesium  sulfate  and  VAD  were  made  either  vith  a  hypodermic  syringe  or  hy 
gravity  flow  via  an  intravenous  tube. 

The  initial  doses  of  anesthetic  agents  were  sufficient  to  produce  a 
state  of  narcosis  or  surgical  anesthesia.    In  subsequent  trials^  the  initial 
dose  of  the  anesthetic  was  given,  and  if  the  animal  did  not  become  anesthetized 
the  dosage  of  the  anesthetic  agent  vas  increased.    Horses  No.  5^  11;  and  12 
required  an  increase  in  dosage  of  pentobarbital  sodium  to  produce  a  state  of 
narcosis  following  the  initial  trials.    Horse  Wo.  5  received  9.6  mg./kg.  of 
pentobarbital  sodium  in  the  initial  trial.    The  same  dosage  was  given  in  the 
fourth  pentobarbital  trial  (anesthetic  trial  No.  "J,  graph  6)  but  a  state  of 
narcosis  vas  not  attained,  so  the  dosage  was  increased  to  13.7  mg./kg.  of 
pentobarbital  sodium.    Horse  No.  11  required  an  initial  dose  of  7-5  mg./kg. 
of  pentobarbital  sodium  to  produce  narcosis.    On  the  second  pentobarbital 
sodium  trial  (anesthetic  trial  No.  k,  graph  9)  9.75  mg./kg.  was  needed  to 
produce  a  state  of  narcosis.    On  the  third  pentobarbital  sodixnn  trial 
(anesthetic  trial  No.  5;  graph  9);  9*75  mg./kg.  was  administered  which  pro- 
duced a  state  of  sedation.    Consequently  the  dose  of  pentobarbital  sodium 
was  increased  to  lk.6  mg./kg.,  and  a  state  of  surgical  anesthesia  attained. 
In  trial  No.  k  on  horse  No.  11  (anesthetic  trial  No.  8,  graph  9)  1^-6  mg./kg. 
of  pentobarbital  sodium  vas  administered,  and  a  state  of  sedation  vas  attained. 
Again  the  dose  vas  increased.    This  time  a  dose  of  I8  mg./kg.  was  required  to 
produce  a  state  of  narcosis.    A  total  of  69-0  mg./kg.  of  pentobarbital  sodium 
vas  administered  over  a  period  of  86  minutes  in  order  to  maintain  anesthesia 
while  a  cast  vas  placed  on  a  left  foreleg  fracture  of  the  third  metacarpal. 
Horse  No.  12  received  an  Initial  dosage  of  12.3  mg./kg.  of  pentobarbital 
sodium,  but  on  the  fourth  pentobarbital  sodium  trial  (anesthetic  trial  No.  7, 
graph  10)  the  12.3  mg./kg.  failed  to  produce  a  state  of  narcosis.    The  dosage 
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was  increased  to  15-6  mg./kg.  in  order  to  produce  the  desired  level  of 
anesthesia. 

Horses  Wo.  5  a^iKi  7  req.uired  increases  over  the  initial  dosages  needed 
to  produce  a  state  of  narcosis  in  the  trials  vith  chloral  hydrate-magnesium, 
sulfate.    Horse  No.  5  received  a  dose  of  j6  mg./kg.  of  chloral  hydrate  for 
the  first  2  chloral  hydrate-magnesium  sulfate  induced  anesthetic  trials 
(anesthetic  trials  2  and  k,  graph  6).    On  the  second  chloral  hydrate-magnesium, 
siilfate  induced  anesthetic  trial  (trial  No.       graph  6),  the  animal  did  not 
attain  a  state  of  narcosis.    This  vas  one  of  the  first  trials  to  indicate  the 
development  of  an  increased  tolerance  to  chloral  hydrate -magnesium  sulfate, 
and  since  this  was  a  control  trial,  the  dosage  was  not  increased.    In  the  third 
chloral  hydrate-magnesium  sulfate  trial  (trial  No.  5,  graph  6),  the  dosage 
was  increased  to  108  mg./kg.  of  chloral  hydrate  from  the  original  76  mg./kg., 
■before  a  state  of  surgical  anesthesia  was  attained. 

Horse  No.  7  required  an  initial  dose  of  82  mg./kg.  of  chloral  hydrate 
for  the  first  chloral  hydrate-magnesium  sulfate  induced  anesthesia  trial.  On 
the  second  trial  with  this  drug  (trial  No.  k-^  graph  8)  it  was  necessary  to 
increase  the  dosage  of  chloral  hydrate  from  82  mg./kg.  to  113  mg./kg.,  to 
attain  a  state  of  narcosis.    When  the  same  dosage  of  II3  mg./kg.  of  chloral 
hydrate-magnesium  sulfate  was  administered  in  the  third  trial  (trial  No.  6, 
graph  8),  a  state  of  narcosis  was  again  achieved.    However,  in  the  fourth 
trial  with  the  same  drug  (trial  No.  8,  graph  8),  when  the  same  dosage  of 
113  mg./kg.  of  chloral  hydrate  was  administered,  a  state  of  narcosis  was  not 
produced. 

The  use  of  VAD  or  pentylenetetrazol  as  arousal  agents  in  the  equine  species 
has  not  "been  reported;  consequently,  their  most  effective  dosage  and  rate  of 
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administration  have  not  been  determined.    In  an  attempt  to  arrive  at  the  most 
effective  method  for  the  administration  of  these  drugs ^  the  dosage  and  rate  of 
administration  vere  varied  in  the  trials.    Olie  folloving  table  shows  the  dosage 
range  of  the  arousal  agents .  ;• : 


Tahle  it-.    Dosage  range  of  arousal  agents. 


Arousal  Agent 

mg./kg. 

Anesthetic  Agent 

VAD 

1.0-9-3 

Pentobarbital  sodium 

VAD 

3.2-7.7 

Chloral  hydrate -magnesium 
sulfate 

Pentylenet e tra  zol 

it.  2-15.  it-* 

Pentobarbital  sodium 

Pentylenete tra  zol 

it.  2-12. 3 

Chloral  hydrate-magnesium 
sulfate 

Horse  No.  11  received  a  total  of  30  mg./kg.  over  a  period  of 
30  minutes. 


Another  factor  which  might  affect  the  success  of  an  arousal  agent  would 
be  the  level  of  anesthesia  at  the  time  of  administration.    Ideally  this  woiild 
be  the  level  at  which  the  administration  of  an  arousal  agent  would  enable  the 
horse  to  stand  in  the  shortest  time  possible,  with  a  minimal  amount  of  inco- 
ordination, and  to  bypass  the  excitement  stage  of  recovery.    In  an  attempt  to 
ascertain  the  ideal  level  of  anesthesia  for  use  of  arousal  agents,  they  were 
administrated  to  animals  in  which  the  level  varied  from  narcosis  to  surgical 
anesthesia.  ■ 

Qliroughout  the  individual  trials  observations  were  made  as  to  respirations 
per  minute,  pulse  rate,  standing  time-^,  arousal  time"^,  muscular  relaxation,  pin 

^Standing  time  is  that  time  which  elapses  between  the  time  that  the 
animal  falls  to  the  ground  in  lateral  recumbency  and  the  time  that  it  is  able 
to  stand  under  its  own  control. 

2Arousal  time  is  that  time  which  elapses  between  the  time  that  the  arousal 
agent  is  administered  until  the  animal  is  able  to  stand  under  its  own  control. 
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reflexes  of  the  anus  and  skin  over  the  withers,  nystagmus,  palpebral  reflex, 
and  corneal  reflex.    Recordings  were  made  at  5-minute  intervals  and  any  special 
comments  as  to  the  general  condition  of  the  horse  were  noted. 

Olhe  state  of  anesthesia  was  classified  as  sedation-^,  narcosis'^',  or  surgi- 
cal anesthesias.    Because  of  the  difficulty  in  classifying  the  border  line 
cases,  it  was  believed  that  attempts  to  further  separate  the  classifications 
would  only  serve  to  confuse  the  picture. 


ISedation  is  that  state  where  the  animal  is  still  able  to  maintain  its  feet, 
but  is  incoordinated  and  the  response  to  any  painful  stimuli  is  reduced. 

^Narcosis  is  that  state  where  the  animal  is  unable  to  maintain  its  feet, 
response  to  painful  stimuli  is  almost  absent,  nystagmus  is  present,  muscular 
relaxation  is  incomplete,  and  some  form  of  restraint  would  be  necessary  in  order 
to  perform  surgery.    This  is  the  state  where  most  of  the  surgery  is  accomplished 
with  the  exception  of  orthopedic  or  major  abdominal  surgery. 

^Surgical  anesthesia  is  that  state  where  there  is  no  response  to  painful 
stimuli,  nystagmus  may  cease,  good  muscular  relaxation,  and  surgery  can  be  per- 
formed without  any  form  of  restraint. 
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.     ;  RESULTS 

Since  recordirigs  of  every  trial  vere  kept  in  detail,  it  was  necessary  to 
condense  these  trials  into  table  forms  so  that  conclusions  coiild  be  made. 
Tables  5  through  10  are  a  condensation  of  the  6k-  trials. 

Table  5  shows  the  results  of  the  control  trials  with  pentobarbital  sodium 
as  the  anesthetic  agent.    The  horse  Wo.,  trial  No.,  mg./kg.  of  pentobarbital 
sodium  given,  the  plane  of  anesthesia  that  was  attained,  and  the  standing  time 
from  onset  of  anesthesia  are  also  shown. 

Table  6  shows  the  horse  No.,  trial  No.,  mg./kg.  of  pentobarbital  sodium 
given,  mg./kg.  of  VAD  given,  plane  of  anesthesia  attained,  standing  time,  and 
arousal  time  following  the  administration  of  VAD.    Table  7  is  identical  to 
table  6  with  the  exception  that  pentylenetetrazol  was  used  instead  of  VAD. 

Table  8  shows  the  control  trials  with  a  mixture  of  chloral  hydrate- 
magnesium  sulfate  as  the  anesthetic  agent.    The  horse  No.,  trial  No.,  mg./kg. 
of  chloral  hydrate  given,  mg./kg.  of  magnesium  sulfate  given,  plane  of 
anesthesia  that  was  attained,  and  the  standing  time  from  the  onset  of  the 
anesthesia.  ,  , 

Table  9  shows  the  horse  No.,  trial  No.,  mg./kg.  of  chloral  hydrate  and 
magnesium  sulfate  given,  plane  of  anesthesia  attained,  standing  time,  and 
arousal  time  following  the  administration  of  VAD.    Table  10  is  identical  to 
table  9  "with  the  exception  that  pentylenetetrazol  was  used  instead  of  VAD. 
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Graph  1.     Standing  times  of  the  control  trials  with  pentobarbital  sodium 
iaduced  anesthesia 
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.       ...       GRAPH  1 

Graph  1  illustrates  the  standing  times  of  the  control  trials  of  all 
horses  anesthetized  vith  pentobarbital  sodium.    These  control  trials  had  a 
dual  purpose.     They  established  normal  standing  times  to  be  used  as  criteria 
by  which  to  judge  the  effectiveness  of  the  arousal  agents,  and  they  vere 
also  necessary  to  determine  if  the  animals  were  developing  increased 
tolerance  to  the  anesthetic  agents.     Therefore,  control  trials  were  inter- 
spersed among  the  experimental  trials  as  indicated  in  table  3- 

The  graph  indicates  that  with  the  exception  of  hose  No.  1,  an  increased 
tolerance  was  developed  in  all  animals  which  underwent  two  or  more  control 
trials.    Conversely,  the  second  control  trial  with  horse  No.  1  showed  an 
increase  in  standing  time  rather  than  a  decrease.    Therefore,  a  third  con- 
trol trial  was  run  (trial  No.  6  of  pentobarbital  sodium),  and  a  decrease 
in  standing  time  did  occur.     This  decrease  was  30  minutes  under  the  second 
control  trial  and  15  minutes  under  the  initial  control  trial. 

Horses  No.  5  and  11  each  underwent  only  one  control  trial  with  pento- 
barbital sodium,  and  this  is  indicated  on  the  graph.     But  the  reaction  of 
these  horses  to  pentobarbital  sodium  in  the  experimental  trials  gave  evi- 
dence that  they  also  were  developing  an  increased  tolerance  to  this  drug. 

In  the  fourth  experimental  pentobarbital  sodium  induced  anesthesia 
trial  with  horse  No.  5  (anesthetic  trial  No.  7;  table  l6),  the  initial  dose 
of  9-6  mg./kg.  failed  to  anesthetize  the  animal,  so  the  dosage  was  in- 
creased to  13-7  mg./kg.  and  a  state  of -narcosis  was  then  attained.  Horse 
No.  11  received  an  initial  dose  of  7-5  mg./kg.  in  the  first  experimental 
pentobarbital  sodium  induced  anesthesia  trial,  but  later,  in  the  only  con- 
trol trial  with  this  horse  (anesthetic  trial  No.  h,  graph  S) ,  9-75  mg./kg. 
wa,s  administered  before  a  state  of  narcosis  was  attained. 


Graph  2.    Gtandins  times  of  tlie  control  trials  with  chloral  hydrate-inagnesium 
sulfate  induced  anesthesia 
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GRAPH  2     ■        -    '  .  , 

Graph  2  illustrates  the  chloral  hydrate-magnesium  sulfate  induced 
anesthesia  control  trials  of  all  of  the  horses.    The  purpose  of  the  trials 
■was  to  establish  normal  standing  times  which  could  he  used  as  criteria  by 
which  to  judge  the  effectiveness  of  the  arousal  agents,  and  to  determine  if 
the  animals  vere  developing  an  increased  tolerance  to  chloral  hydrate- 
magnesium  sulfate.    As  indicated  on  the  graph,  an  increased  tolerance  was 
developed  to  chloral  hydrate-magnesium  sulfate  in  horses  No.  1,  7^  and 
12.    Horse  No.  5  might  also  be  added  to  this  list  even  thovigh  it  underwent 
only  one  control  trial.    This  trial  was  the  second  trial  with  this  drug  and 
the  initial  dose  failed  to  produce  a  state  of  narcosis.    She  received  a 
dosage  of  76  mg./kg.  for  the  first  experimental  chloral  hydrate-magnesium 
sulfate  induced  anesthesia  trial  (anesthetic  trial  No.  2,  graph  6),  but 
in  the  control  trial  (anesthetic  trial  No.  k,  graph  6),  the  76  mg./kg.  failed 
to  produce  a  state  of  narcosis.    Horses  No.  3,  ^,  and  6  received  a  constant 
dosage  of  the  anesthetic  agent  throughout  the  experiment.    Horses  No.  3  and 
k  each  underwent  3  chloral  hydrate-magnesium  sulfate  induced  anesthesia 
trials  and  horse  No.  6  underwent  k  trials  with  this  anesthetic  agent. 
However  with  each  of  these  horses  only  1  of  the  trials  was  a  control  trial 
which  made  it  impossible  to  judge  possible  increased  tolerance  on  the  basis 
of  control  trials. 
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GRAPH  3  ■ 

Graph  3  shows  a  comparison  in  graph  form  of  the  standing  times  of  all 
the  anesthetic  trials  conducted  on  horse  Ko.  1.    The  control  trials  are 
circled  in  black,  VAD  trials  in  blue,  and  pentylenetetrazol  trials  in  red. 
The  standing  times  of  the  pentobarbital  sodium  induced  anesthesia  trials 
are  connected  by  a  black  line,  and  the  standing  times  of  the  chloral 
hydrate-magnesium  sulfate  induced  anesthesia  trials  are  connected  by  a  red 
line.    Six  trials  were  conducted  with  pentobarbital  sodium,  and  k  trials 
with  chloral  hydrate-magnesium  sulfate. 

A  constant  dosage  of  1^^-. 0  mg./kg.  was  used  in  all  pentobarbital  sodium 
induced  anesthesia  trials,  and  a  constant  dosage  of  110  mg./kg.  of  chloral 
hydrate  (92  mg./kg.  of  magnesium  sulfate)  was  used  throughout  the  chloral 
hydrate-magnesium  sulfate  induced  anesthesia  trials.    In  trial  9  the  animal 
did  not  become  anesthetized  with  the  dose  of  chloral  hydrate-magnesium 
sulfate  administered.    This  was  a  control  trial. 

Trial  No.  1  was  a  control  trial  with  pentobarbital  sodium.    A  state  of 
surgical  anesthesia  was  attained  and  respirations  ranging  from  10  to  ik-  per 
minute  were  recorded.    The  first  arousal  movements  occurred  at  4-9  minutes. 
At  60  minutes  the  animal  was  able  to  stand  but  was  very  incoordinated  when 
trying  to  walk  for  the  next  11  minutes.,  •  _ 

Trial  No.  2  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate. 
A  state  of  narcosis  was  attained  with  respirations  ranging  from  1^+  to  20 
per  minute.    Twenty- two  minutes  following  induction  some  slight  arousal 
movements  occurred.    At  h$  minutes  the  animal  was  able  to  lift  its  head, 
and  at  63  minutes  it  made  a  feeble  attempt  to  stand.     Several  more  feeble 
attempts  occurred  before  it  was  able  to  stand  at  120  minutes. 
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atrial  No.  3  vas  an  experimental  trial  utilizing  6.0  mg./kg.  of  VAD 
following  pentobarbital  sodium  induced  anesthesia.    Hie  drug  was  given  over 
an  l8  minute  period  starting  11  minutes  postinduction.    A  chewing  reflex 
with  voluntary  head  movement  occurred  at  33  minutes,  and  at  39  minutes  the 
animal  was  able  to  raise  its  head.    Standing  occurred  at  51  minutes,  and 
the  animal  could  walk  with  only  slight  incoordination.    Respirations  ranged 
from  9  to  12  per  minute  throughout  the  trial. 

Trial  No.  k-  was  an  experimental  trial  utilizing  12.3  mg./kg.  of  pentylene^ 
tetrazol  following  chloral  hydrate-magnesium  sulfate  induced  anesthesia. 
Pentylenetetrazol  was  administered  over  a  30  second  period  starting  31 
minutes  after  induction  of  the  anesthesia.     Thirty  seconds  after  completion 
of  administration  of  the  drug  the  animal  was  standing.    Respirations  ranged 
from  10  to  Ik  per  minute  during  the  trial.    No  recording  of  respiration 
was  made  after  the  injection  of  the  drug  because  of  the  arousal  movements 
and  the  standing  of  the  animal. 

Trial  No.  5  "was  an  experimental  trial  utilizing  15-^  mg./kg.  of 
pentylenetetrazol  following  pentobarbital  sodium  anesthesia.  Pentylene- 
tetrazol was  administered  over  a  1  minute  period  starting  23  minutes  after 
induction  of  the  anesthesia.     Standing  occurred  k-^  seconds  after  completion 
of  the  administration.    Respirations  ranged  from  12  to  13  per  minute  prior 
to  the  injection  of  the  drug.    No  postinjection  recordings  were  made  on 
respirations  per  minute. 

Trial  No.  6  was  an  experimental  trial  with  VAD  following  chloral- 
hydrate-magnesium  sulfate  induced  anesthesia.     Fifty  minutes  after  induction 
of  anesthesia,  vanillic  acid  diethylamide  was  administered  over  a  1  minute 
period  at  a  dosage  of  7- 7  mg./kg.    Apnea  occurred  for  a  30  second  period 


3h 

following  the  injection,  followed  by  a  period  of  clonic  and  tonic  spasms 
for  a  period  of  k  minutes.    Respirations  ranged  from  ik  to  l8  per  minute 
prior  to  administration  of  the  drug.    The  respirations  increased  to  k3 
per  minute  at  k  minutes  postinfection  of  VAD.    The  animal  was  able  to  stand 
in  7  minutes  following  administration  of  the  VAD. 

Trial  No.  7  was  the  second  control  trial  with  pentobarbital  sodium 
induced  anesthesia,  and  a  state  of  surgical  anesthesia  was  again  attained. 
Respirations  ranged  from  9  to  20  per  minute.    The  20  per  minute  occurred  as 
the  animal  was  starting  to  arouse  from  the  anesthesia.    At  70  minutes  the 
animal  was  able  to  hold  its  head  up,  and  it  was  walking  at  75  minutes. 

Trial  No.  8  was  the  second  VAD  experimental  trial  following  pentobarbital 
sodium  induced  anesthesia.    A  state  of  surgical  anesthesia  was  attained. 
Respirations  ranged  from  9  to  ik-  per  minute.    A  dose  of  9.3  mg./kg.  of  VAD 
was  administered  k2  minutes  after  induction  of  the  anesthesia.    This  amo\mt 
was  administered  over  a  2  minute  period  and  arousal  actions  occurred.  A 
very  few  clonic  spasms  occurred,  and  the  animal  was  standing  in  k-  minutes. 
The  respirations  increased  from  13  to  25  per  minute  following  injection  of 
VAD.    Six  minutes  later  the  respirations  were  back  to  the  13  per  minute. 

Trial  No.  9  was  a  second  control  trial  run  with  chloral  hydrate- 
magnesium  sulfate  induced  anesthesia.    The  same  dosage  used  in  the  first  3 
trials  with  this  drug  failed  to  produce  a  state  of  narcosis. 

Trial  No.  10  was  the  third  control  trial  with  pentobarbital  sodium 
anesthesia  conducted  on  this  horse.    Trial  No.  9  is  included  in  graph  1, 
and  No.  10  is  included  in  graph  2,  but  they  are  not  listed  in  the  materials 
and  methods  of  this  experiment  because  they  were  supplemental  to  the  original 
plan  of  8  trials  per  animal. 


Graph  h.    Standing  times  of  the  experimental  and  control  trials  vith  horse  No.  3. 
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■  GRAPH  k  ■'.    .  '■- 

Graph  k  shows  a  comparison  of  the  standing  times  of  all  anesthetic 
trials  conducted  on  horse  No.  3-    Ttie  graph  is  constructed  in  the  same 
manner  as  graph  3-    Five  trials  vere  conducted  with  pentohajrbital  sodium 
anesthesia  and  3  were  conducted  with  chloral  hydrate-magnesium  sulfate 
anesthesia. 

A  constant  dosage  of  the  anesthetic  agents  was  used  throughout  their 
respective  trials.    In  trial  No.  8  the  animal  did  not  become  anesthetized 
with  the  initial  dose,  hut  this  was  a  control  trial  and  it  was  not  con- 
sidered necessary  to  induce  narcosis. 

Trial  No.  1  was  a  control  trial  utilizing  pentobarbital  sodium  as  the 
anesthetic.    A  state  of  narcosis  was  attained  and  the  respirations  ranged 
from  l8  to  20  per  minute.    Arousal  movements  occurred  at  30  minutes  post- 
induction,  and  standing  occurred  at  38  minutes. 

li-ial  No.  2  was  an  experimental  trial  utilizing  VAD  following,  induction 
of  chloral  hydrate-magnesium  sulfate  anesthesia.    Respirations  ranged  from 
10  to  13  per  minute  before  the  injection  of  VAD.    Arousal  movements  first 
occurred  at       minutes  when  the  animal  was  able  to  raise  its  head.    At  56 
minutes  postinduction,  5.4  mg./kg.  of  VAD  was  adjninistered  over  a  k  minute 
period.    Respirations  increased  to  20  per  minute  and  the  horse  was  able 
to  stand.    G3ae  increase  in  respirations  lasted  for  5  minutes. 

atrial  No.  3  was  an  experimental  trial  utilizing  VAD  following  induction 
of  pentobarbital  sodium  anesthesia.    Respirations  ranged  from  8  to  12  per 
minute  before  the  administration  of  VAD.    At  30  minutes  postinduction  3-6 
mg./kg.  of  VAD  was  administered  over  a  2  minute  period.    Respirations  in- 
creased to  20  per  minute,  and  the  increase  lasted  for  5  minutes.  The 
animal  was  able  to  stand  at  36  minutes  postinduction. 
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Trial  No.  k  vas  an  experimental  trial  utilizing  pentylenetetrazol 
following  induction  of  chloral  hydrate-magnesium  sulfate  anesthesia. 
Respirations  ranged  from  9  to  12  per  minute.     The  animal  was  able  to  raise 
its  head  52  minutes  following  induction  of  anesthesia.    At  57  minutes 
pentylenetetrazol  was  administered^  and  standing  occurred  in  kO  seconds. 

G?rial  No.  5  was  an  ejqjerimental  trial  utilizing  pentylenetetrazol 
following  pentobarbital  sodium  induced  anesthesia.    Respirations  ranged 
from  8  to  10  per  minute.    At  l6  minutes  postinduction  7-1  mg./kg.  of 
pentylenetetrazol  administered  over  a  1  minute  period  resulted  in  a  30 
second  standing  time. 

Trial  No.  6  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate 
anesthesia.    Respirations  ranged  from  9  to  12  per  minute  following  induction. 
At  105  minutes  postinduction  the  animal  was  able  to  sit  in  sternal  recum- 
bency, but  was  unable  to  stand.    Standing  finally  occurred  at  210  minutes 
postinduction. 

Trial  No.  7  "w^-s  a  control  trial  with  pentobarbital  sodium  anesthesia. 
Respirations  ranged  from  12  to  l8  per  minute  following  induction.  An 
attempt  to  stemd  was  made  at  15  minutes  and  standing  occurred  at  21  minutes 
postinduction.  - 

Trial  No.  8  was  the  third  pentobarbital  sodium  induced  anesthesia  con- 
trol trial.    The  animal  did  not  become  anesthetized  with  the  initial  dose, 
and  since  this  was  a  control  trial  the  dosage  was  not  increased. 
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GRAPH  5  ■ 

Graph  5  shows  a  comparison  of  the  standing  times  of  all  the  anesthetic 
trials  run  on  horse  No.  k.    !Ehe  graph  is  constinicted  in  the  same  manner  as 

graph  3-  ■    ^  ^ 

Five  trials  were  conducted  with  pentoharhital  sodium  and  3  trials  with 
chloral  hydrate -magnesium  sulfate.    A  constant  dosage  of  the  anesthetic 
agents  vas  used  throughout  their  respective  trials.    A  state  of  narcosis 
was  attained  in  all  trials . 

Trial  No.  1  was  a  control  trial  with  pentobarbital  sodium.  Respirations 
ranged  from  12  to  20  per  minute.    At  21  minutes  postinduction  the  patient 
made  an  attempt  but  vas  unable  to  stand.     The  patient  was  able  to  stand 
with  incoordination  at  36  minutes  postinduction. 

Ttial  No.  2  -was  an  experimental  trial  utilizing  pentylenetetrazol 
following  induction  of  chloral  hydrate-magnesium  sulfate  anesthesia.  The 
respiratory  rate  ranged  from  16  to  20  per  minute.    At  5  minutes  post- 
induction  2.15  mg./kg.  of  pentylenetetrazol  was  administered,  and  the 
animal  attained  a  position  of  sternal  recumbencyy.  No  attempt  to  stand 
was  made  so  an  additional  2.15  mg./kg.  was  administered  with  the  result 
that  the  patient  was  standing  in  less  than  1  minute  following  the  last 

T*. 

injection. 

Trial  No.  3  was  an  experimental  trial  utilizing  VAD  following  pento- 
barbital sodium  induced  anesthesia.    The  respiratory  rate  ranged  from 
ik  to  16  per  minute.    A  total  of  3-2  mg./kg.  -was  administered  at  16  minutes 
postinduction.    Tonic  spasms  occurred  followed  by  about  25  seconds  of  clonic 
spasms  before  the  animal  was  able  to  stand  at  I9  minutes  postinduction. 


ko 

Trial  Wo.  ^1-  vas  a  control  vitli  chloral  hydrate-magnesium  sulfate 
anesthesia.    Respirations  ranged  from  l8  to  20  per  minute.    At  25  minutes 
postinduction  the  patient  was  able  to  attain  a  position  of  sternal  re- 
cumbency.   At  35  minutes  postinduction  an  attempt  to  stand  vas  made  by 
the  patient^  but  it  vas  k2  minutes  postinduction  before  standing  occurred. 

Trial  No.  5  vas  a  trial  utilizing  VAD  following  pentobarbital  sodium 
anesthesia.    Respirations  ranged  from  10  to  15  per  minute.    Starting  at 
l8  minutes  postinduction,  ^.k-  mg./kg.  of  VAD  was  administered  over  a  6 
minute  period.    Some  tonic  and  clonic  spasms  occurred  lasting  for  2  minutes. 
The  animal  was  able  to  stand  at  28  minutes  postinduction. 

Trial  Wo.  6  utilized  pentylenetetrazol  following  pentobarbital  sodium 
anesthesia.     Postinduction  respirations  ranged  from  l6  to  20  per  minute. 
At  1^1-  minutes  the  patient  was  able  to  raise  its  head.    At  15  minutes ,  ^+.3 
mg./kg.  of  pentylenetetrazol  was  administered,  and  the  animal  was  standing 
within  3  minutes. 

Trial  Wo.  7  utilized  VAD  following  chloral  hydrate-magnesium  sulfate 
anesthesia.  Respirations  ranged  from  l8  to  20  per  minute.  At  30  minutes 
postinduction  k.3  mg./kg.  of  VAD  was  administered  over  a  5  minute  period. 
This  drug  was  diluted  in  500  ml.  of  physiological  saline  and  administered 
by  an  intravenous  set  and  a  l6-gauge  needle.  The  solution  was  held  kO 
inches  above  the  jugular  vein  while  the  animal  was  in  lateral  recumbency. 
Upon  completion  of  the  administration  an  increase  in  respirations  from  20 
to  2k  per  minute  was  noted.  A  period  of  tonic  and  clonic  spasms  occurred 
following  injection  and  lasted  for  1  minute.  At  35  minutes  postinduction 
the  animal  was  standing. 


Graph  6.    Standing  times  of  the  experimental  and  control  trials  vlth  horse  No.  ^ 
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GRAPH  6  ' 

Graph  6  Illustrates  a  comparison  of  the  standing  times  of  all  the  anesthetic 
trials  conducted  on  horse  No.  5«    Four  trials  were  conducted  with  pentoharbital 
sodium  and  k  with  chloral  hydrate-magnesiiim  s\ilfate. 

It  was  necessary  to  increase  the  dosage  of  both  anesthetic  agents  during 
the  experiment.    In  the  first  3  pentobarbital  sodium  trials,  9-6  mg./kg.  of 
pentobarbital  sodium  was  given,  and  a  state  of  narcosis  was  attained  in  each 
trial.    In  the  fourth  trial  with  pentobarbital  sodium,  9*6  mg./kg.  was  adminis- 
tered, but  only  a  state  of  sedation  was  attained.    The  dosage  was  increased 
to  13.7  mg./kg.  resulting  in  a  state  of  surgical  anesthesia. 

In  the  chloral  hydrate-magnesiiam  sulfate  trials,  j6  mg./kg.  of  chloral 
hydrate  {6k  mg./kg.  of  magnesium  sulfate)  was  administered  in  the  first  trial. 
In  the  second  trial  with  chloral  hydrate-magnesium  sulfate,  the  dosage  uti- 
lized in  the  first  trial  produced  only  a  state  of  sedation.    Since  this  was  a 
control  trial,  no  further  anesthetic  was  given.    In  the  third  trial  with 
chloral  hydrate-magnesium  sulfate,  it  was  necessary  to  increase  the  dose  from 
76  mg./kg.  to  108  mg./kg.  of  chloral  hydrate  (90  mg./kg.  of  magnesium  sulfate) 
before  the  animal  became  anesthetized.    Then  a  state  of  surgical  anesthesia 
was  attained. 

Trial  No.  1  was  a  control  trial  with  pentobarbital  sodium.  Respirations 
ranged  from  11  to  20  per  minute.    At  postinduction  time,  27  minutes,  the 
animal  was  able  to  raise  its  head,  but  it  was  unable  to  stand  imtil  38  minutes 
postinduction. 

Trial  No.  2  utilized  pentylenetetrazol  following  chloral  hydrate-magnesium 
sulfate  anesthesia.    Respirations  ranged  from  12  to  15  per  minute  with  an  in- 
crease to  30  respirations  per  minute  following  the  administration  of  8.5  mg./kg. 


of  pentylenetetrazol.    This  was  given  at  11  minutes  postinduction,  and  in  51 
seconds  the  animal  was  able  to  stand  and  walk. 

Trial  Wo.  3  utilized  pentylenetetrazol  following  pentobarbital  sodium 
induced  anesthesia.    Respirations  ranged  from  19  to  22  per  minute.  The 
arousal  agent  was  administered  at  17  minutes  postinduction,  and  the  animal 
was  standing  in  30  seconds.  -  < 

Trial  Ko.  k  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate. 
The  76  mg./kg.  of  chloral  hydrate  {Gk  mg./kg.  of  magnesium  sulfate)  produced 
only  sedation  with  slight  incoordination. 

Trial  No.  5  utilized  pentylenetetrazol  following  chloral  hydrate-magnesium 
sulfate  induced  anesthesia.    The  animal  did  not  become  anesthetized  so  the 
dosage  was  increased  to  I08  mg./kg.  of  chloral  hydrate  (90  mg./kg.  of 
magnesium  sulfate),  which  resulted  in  a  state  of  siargical  anesthesia  of 
approximately  9  minutes  duration.    At  20  minutes  postinduction  a  state  of 
narcosis  was  present  and  10.6  mg./kg.  of  pentylenetetrazol  was  administered 
over  a  60  second  period.    The  animal  was  standing  and  walking  1  minute 
following  the  completion  of  the  administration.    There  was  a  10-minute  period 
of  incoordination  following  standing.  •  - 

Trial  No.  6  utilized  VAD  following  pentobarbital  sodium  induced 
anesthesia.    Respirations  ranged  from  10  to  12  per  minute.    At  57  minutes 
postinduction,  2.1  mg./kg.  of  VAD  was  admnistered  over  a  3-minute  period. 
Tonic  and  clonic  spasms  occvirred  for  about  30  seconds  starting  1  minute 
after  completion  of  the  drug  administration.    Respirations  then  increased 
to  22  per  minute,  and  at  6k  minutes  postinduction  the  animal  was  standing. 

Trial  No.  7  utilized  VAD  following  chloral  hydrate-magnesium  sulfate 
induced  anesthesia.    Respirations  ranged  from  ik  to  15  per  minute.  The 


Graph  7.    Standing  times  of  the  experimental  and  control  trials  vith  horse  No.  6. 
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dosage  of  chloral  hydrate-magnesium  sulfate  was  increased  from  76  mg./kg.  of 
chloral  hydrate  to  101  mg./kg-^  (85  rag. /kg.  of  magnesium  sulfate)  in  order  to 
attain  a  state  of  surgical  anesthesia.    At  13  minutes  postinduction  6.k  mg./kg. 
of  VAD  was  administered  over  a  15-minute  period.    Tonic  and  clonic  spasms 
occurred  for  a  60  second  period.    At  28  minutes  postinduction  the  patient  was 
able  to  maintain  a  position  of  sternal  recumbency.    At  7?  minutes  postinduction 
the  patient  vjas  able  to  stand. 

Trial  No.  8  utilized  pentylenetetrazol  following  pentobarbital  sodium 
induced  anesthesia.    Respirations  ranged  from  1  to  2  per  minute  before  adminis- 
tration of  the  pentylenetetrazol.    It  was  necessary  to  increase  the  dosage  of 
pentobarbital  sodium  from  9.6  mg./kg.  to  13.7  mg./kg.,  to  attain  a  state  of 
surgical  anesthesia.    A  total  of  I9.O  mg./kg.  of  pentylenetetrazol  ms  ad- 
ministered in  2  doses.    At  10  minutes  postinduction,  10.0  mg./kg.  was  adminis- 
tered, and  the  respirations  increased  from  1  to  1?  per  minute.    This  increase 
in  respirations  lasted  for  10  minutes,  at  which  time  the  level  decreased  to 
2  per  minute.    The  animal  was  able  to  raise  its  head  following  administration 
of  the  10.0  mg./kg.  of  pentylenetetrazol.    At  97  minutes  postinduction  an 
additional  9-0  mg./kg.  of  pentylenetetrazol  was  admirastered  and  the  animal 
stood  within  kS  seconds. 

GRAPH  7 

Graph  7  shows  a  comparison  of  the  standing  times  of  all  of  the  anesthetic 
trials  conducted  on  horse  No.  6.    The  graph  is  constructed  in  the  same  manner 
as  graph  3«         ,  -     •  .-  .    ,  '    -  ' 

Foxor  of  the  trials  involved  pentobarbital  sodium  and  k  involved  chloral 
hydrate-magnesium  sulfate.    A  constant  dosage  of  the  anesthetic  agent  was  used 
.throughout  the  trials  and  a  state  of  narcosis  was  attained  in  all  trials. 
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Trial  Wo.  1  was  a  control  trial  -with  chloral  hydrate-magnesium  sialfate 
anesthesia.    Respirations  ranged  from  12  to  15  per  minute.    At  37  minutes  post- 
induction,  the  animal  made  an  attempt  to  attain  sternal  recumbency  and  at 
minutes  postinduction  he  was  able  to  stand  and  waUt  although  incoordinated. 

Trial  No.  2  was  a  control  trial  involving  pentobarbital  sodium.  The 
respiratory  rate  ranged  from  12  to  l8  per  minute.    At  k5  minutes  postinductioi 
there  was  some  movement  of  the  head,  and  at  65  minutes  the  animal  attained  a 
position  of  sternal  recumbency.    Standing  occurred  at  72  minutes,  but  the 
animal  was  very  incoordinated. 

Trial  No.  3  was  an  experimental  trial  utilizing  VAD  following  chloral 
hydrate-magnesium  sulfate  anesthesia.    Respirations  ranged  from  12  to  lij-  per 
minute.    At  k3  minutes  postinduction,  3.2  mg./kg.  of  VAD  was  given  and  the 
patient  responded  by  lifting  its  head.    Respirations  increased  from  ik-  to  I8 
per  minute.    No  tonic  or  clonic  spasms  were  observed.    Standing  occurred  at 
63  minutes  postinduction. 

Trial  No.  h  was  an  experimental  trial  utilizing  pentylenetetrazol  following 
chloral  hydrate-magnesium  sulfate  induced  anesthesia.    Respirations  ranged  from 
10  to  32  per  minute.    At  21  minutes  postinduction  the  horse  was  able  to  attain 
a  position  of  sternal  recumbency.    At  25  minutes  postinduction  5.3  mg./kg.  of 
pentylenetetrazol  was  given,  and  resulted  in  the  patient  standing  within 
seconds. 

Trial  No.  5  was  an  experimental  trial  utilizing  pentylenetetrazol  following 
pentobarbital  sodium  anesthesia.    Respirations  ranged  from  ik  to  2k  per  minute. 
Starting  at  21  minutes  postinduction,  I3.6  mg./kg.  of  pentylenetetrazol  was 
administered  over  a  2k-  minute  period.    The  horse  was  able  to  stand  at  50  minutes 
postinduction. 
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Trial  No.  6  utilized  VAD  following  chloral  hydrate-magnesium  sulfate  in- 
duced anesthesia.    Following  administration  of  the  anesthetic  agent,  7  minutes 
elapsed  hefore  narcosis  was  attained.    Respirations  ranged  from  ik-  to  15  per 
minute.    The  arousal  agent  was  diluted  in  k^O  ml.  of  physiological  saline,  and 
a  total  of  5.3  mg./kg.  VAD  was  adminis'tered.    This  dosage  was  given  over  a 
3  minute  period  starting  at  7  minutes  postinduction.    Respirations  increased 
from  Ik  to  18  per  minute.    Tonic  spasms  were  noted  for  a  period  of  1  minute. 
At  61  minutes  postinduction  the  animal  was  able  to  stand  and  walk. 

Trial  Wo.  7  was  an  experimental  trial  utilizing  VAD  following  pentobarbital 
sodium  anesthesia.    Respirations  ranged  from  16  to  18  per  minute.    At  2k 
minutes  postinduction,  3.2  mg./kg.  of  VAD  was  administered  over  a  3  minute 
period.    The  patient  was  standing  at  30  minutes  postinduction. 

Trial  No.  8  was  a  control  trial  involving  pentobarbital  sodium  anesthesia. 
Respirations  ranged  from  12  to  ik  per  minute.    At  25  minutes  postinduction 
the  horse  was  able  to  lift  its  head.    At  kO  minutes  postinduction,  standing 
occurred.  ■. 

GRAPH  8 

Graph  8  shows  a  comparison  of  the  standing  times  of  the  experimental 
trials  conducted  on  horse  No.  7-    Four  trials  were  conducted  utilizing  pento- 
barbital sodium  and  k  utilizing  chloral  hydrate-magnesium  sulfate. 

A  constant  dosage  was  given  throughout  the  pentobarbital  sodium  trials  and 
a  state  of  narcosis  was  attained  in  each  instance. 

In  the  first  chloral  hydrate-magnesium  sulfate  trial,  82  mg./kg.  of  chloral 
hydrate  (69  mg./kg.  of  magnesium  sulfate)  was  administered,  and  a  state  of 
narcosis  was  attained.    In  the  second  and  third  trials  it  was  necessary  to  in- 
crease the  dosage  to  produce  a  state  of  narcosis.     The  dosage  was  increased  to 


113  nig. /kg.  of  chloral  hydrate  (95  mg./kg.  of  magnesium  sulfate)  in  the  last  3 
trials.    In  the  fourth  trial  the  animal  did  not  attain  a  state  of  narcosis; 
however,  additional  anesthetic  was  not  given  since  this  was  a  control  trial. 

Trial  No.  1  was  a  control  trial  involving  pentobarbital  sodium  anesthesia. 
Respirations  ranged  from  l^J-  to  l6  per  minute.    At  25.  minutes  postinduction 
the  animal  was  able  to  raise  its  head.    At  38  minutes  postinduction  the  animal 
was  able  to  stand  although  very  incoordinate. 

Trial  No.  2  was  a  control  trial  involving  chloral  hydrate-magnesium 
sulfate  anesthesia.    Respirations  ranged  from  ik-  to  15  per  minute.    At  45 
minutes  postinduction  the  animal  made  an  attempt  to  attain  a  position  of  sternal 
recumbency  but  was  unable  to  do  so.    At  65  minutes  postinduction  an  effort 
was  made  to  stand  and  at  75  minutes  postinduction  the  patient  was  able  to 
stand.  " 

Trial  No.  3  'was  an  experimental  trial  utilizing  pentylenetetrazol  following 
pentobarbital  sodium  induced  anesthesia.    Respirations  ranged  from  I6  to  17 
per  minute.    At  7  minutes  postinduction,  k.G  mg./kg.  of  pentylenetetrazol  was 
administered,  and  the  animal  made  an  attempt  to  stand  but  was  unable  to  do  so. 
Respirations  increased  from  17  to  2k-  per  minute.    At  17  minutes  postinduction 
the  animal  was  standing  and  walking. 

Trial  No.  k  was  an  experimental  trial  utilizing  VAD  on  chloral  hydrate- 
magnesium  sulfate  anesthesia.    Respirations  ranged  from  ik  to  30  per  minute. 
At  k8  minutes  postinduction  3.2  mg./kg.  of  VAD  was  administered,  and  standing 
occurred  at  50  minutes  postinduction.    Tonic  or  clonic  spasms  did  not  occur 
in  this  trial.  .   '  ' 

Trial  No.  5  was  an  experimental  trial  utilizing  VAD  following  pentobarbital 
sodium  anesthesia.    Respirations  ranged  from  I6  to  20  per  minute.    At  I6 


Graph  9.     Standing  time  of  the  experimental  and  control  trials  with  horse  No.  11. 
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minutes  postinduction  3-^  mg-M-       "^-^        diluted  in  kOO  ml.  of  physiological 
saline  and  was  given  over  a  k  minute  period.    At  the  end  of  the  k  minute  period 
the  animal  was  ahle  to  stand. 

Trial  No.  6  was  an  experimental  trial  utilizing  pentylenetetrazol  follow- 
ing chloral  hydrate-magnesium  sulfate  anesthesia.    Respirations  ranged  from 
Ik  to  15  per  minute.    At  9  minutes  postinduction  k.G  mg./kg.  of  pentylene- 
tetrazol was  given  and  the  horse  was  standing  in  50  seconds. 

atrial  No.  7  was  a  control  trial  with  pentobarbital  sodivim  induced 
anesthesia.    The  respirations  ranged  from  1?  to  31  per  minute.    At  12  minutes 
postinduction  an  effort  to  stand  was  made;  however,  the  horse  was  unable  to 
stand  until  22  minutes  postinduction. 

Trial  No.  8  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate 
anesthesia.    The  animal  did  not  reach  a  state  of  narcosis  and  since  this  was 
a  control  trial,  additional  anesthetic  was  not  given. 

GRAPH  9 

Graph  9  is  a  comparison  in  graph  form  of  the  standing  times  of  the 
anesthetic  trials  conducted  on  horse  No.  11.    Four  of  the  trials  involved 
pentobarbital  sodium  anesthesia  and  k  involved  chloral  hydrate-magnesium 
svilfate  induced  anesthesia. 

An  initial  dose  of  7.5  mg./kg.  of  pentobarbital  sodium  was  given  on  the 
first  pentobarbital  sodium  trial  and  a  state  of  surgical  anesthesia  was 
attained.    On  the  second  pentobarbital  sodivim  trial  9-75  mg./kg.  was  required 
to  produce  a  state  of  narcosis.    On  the  third  trial  9.75  mg./kg.  produced 
only  a  state  of  sedation.    Consequently,  the  dose  of  pentobarbital  sodium  was 
increased  to  Ik. 6  mg./kg.,  and  a  state  of  surgical  anesthesia  was  attained. 
In  the  fourth  trial  l4. 6  lag.J]^.  of  pentobaj-bital  sodium  produced  only  a  state 


of  sedation.    Therefore,  the  dosage  was  increased  to  I8.O  mg./kg.  in  order  to 
produce  a  state  of  narcosis.  - 

Trial  No.  1  utilized  pentylenetetrazol  following  pentobarbital  sodium 
anesthesia.    Respirations  ranged  from  18  to  20  per  minute.    A  state  of  surgical 
anesthesia  vas  attained,  and  starting  at  20  minutes  postinduction  a  total  of 
12.5  mg./kg.  of  pentylenetetrazol  was  administered.    The  respiratory  rate  in- 
creased from  20  to  3^  per  minute.    An  attempt  to  stand  was  made,  but  it  was  k-T 
minutes  postinduction  before  standing  occurred. 

Trial  No.  2  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate  in- 
duced anesthesia.    Respirations  ranged  from  9  to  12  per  minute.    At  25  minutes 
postinduction  the  animal  was  able  to  attain  a  position  of  sternal  recumbency. 
At  30  minutes  postinduction  the  animal  was  able  to  stand  but  was  incoordinated 
when  walking. 

Trial  No.  3  utilized  VAD  following  chloral  hydrate-magnesium  siilfate  in- 
duced anesthesia.    Respirations  ranged  from  I6  to  I6  per  minute.    At  I6  minutes 
postinduction  7«5  mg./kg.  of  VAD  was  given  over  a  1  minute  period.  Clonic 
spasms  occurred  for  2  minutes  following  completion  of  administration  of  VAD. 
The  animal  was  able  to  stand  21  minutes  postinduction. 

Trial  No.  k  was  a  control  trial  with  pentobarbital  sodium  induced  anesthesia. 
In  this  trial  it  was  necessary  to  increase  the  dosage  from  7.5  mg./kg.  to  9.75 
mg./kg.  to  attain  a  state  of  narcosis.    At  28  minutes  postinduction  the  animal 
was  able  to  attain  a  position  of  sternal  recumbency.    Standing  occurred  at 
ho  minutes  postinduction. 

Trial  No.  5  utilized  pentylenetetrazol  on  pentobarbital  sodiim  induced 
anesthesia.    The  dosage  was  increased  to  lk.6  mg./kg.  because  the  animal  failed 
to  reach  a  state  of  narcosis  with  the  previously  established  dose  of  9.75  mg./kg. 


Surgical  anesthesia  was  attained  following  administration  of  the  increased 
dosage.     The  respiratory  rate  ranged  from  10  to  13  per  minute.    At  106  minutes  . 
postinduction  10.0  mg./kg.  of  pentylenetetrazol  was  administered.    At  113 
minutes  postinduction  the  patient  was  able  to  stand  and  walk. 

Trial  No.  6  was  an  experimental  trial  utilizing  pentylenetetrazol  follow- 
ing chloral  hydrate -magnesium  sulfate  anesthesia.    Respirations  ranged  from 
12  to  l6  per  minute.    At  10  minutes  postinduction  7-5  mg./kg.  of  pentylenetetrazol 
was  given,  and  the  animal  was  standing  in  ^4-5  seconds. 

Trial  No.  7  was  a  control  trial  with  chloral  hydrate-magnesium  sulfate 
induced  anesthesia.    Respirations  ranged  from  12  to  ik  per  minute.    At  11 
minutes  postinduction  an  attempt  to  stand  -was  made,  but  the  animal  was  unable 
.0  stand  until  13  minutes  postinduction. 

Trial  No.  8  utilized  pentylenetetrazol  following'  pentobarbital  anesthesia. 
A  dosage  of  lh.6  mg./kg.  was  given,  and  only  a  state  of  sedation  -was  attained; 
consequently,  dosage  was  increased  to  l8.0  mg./kg.  in  order  to  produce  a  state 
of  narcosis.     Diiring  this  trial  a  total  of  69. 0  mg./kg.  was  administered  over 
an  86  minute  period  to  enable  to  cast  to  be  placed  on  a  fracture  of  the  third 
metacarpal  of  the  left  foreleg.    Respirations  ranged  from  6  to  10  per  minute 
during  the  narcosis  stage.    A  total  of  39  mg./kg.  of  pentylenetetrazol  was 
administered  over  a  30  minute  period  starting  at  160  minutes  postinduction. 
Respirations  increased  from  10  to  26  per  minute.    The  animal  was  able  to  stand 
at  190  minutes  postinduction.  . 


Graph  10.    Standing  time  of  the  experimental  and  control  trials  with  horse  No.  12. 


Anesthetic  trial  number 
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GRAPH  10 

* 

Graph  10  shows  a  comparison  of  the  standing  times  of  the  experimental  trials 
conducted  on  horse  No.  12.    The  graph  is  constructed  in  the  same  manner  as 
graph  3- 

A  constant  dosage  vas  used  throughout  the  k  chloral  hydrate-niagnesium 
sulfate  induced  anesthesia  trials.    In  the  first  3  trials  utilizing  pentobarbital 
sodium  anesthesia  a  constant  dosage  of  12.3  mg./^g-  "^^s  administered,  but  the 
fourth  time  this  drug  was  used  it  was  necessary  to  increase  the  dosage  to  1$.6 
mg./kg.  in  order  to  produce  a  state  of  narcosis. 

Trial  No.  1  utilized  VAD  following  pentobarbital  sodium  induced  anesthesia. 
Respirations  ranged  from  ik  to  l6  per  minute.    At  19  minutes  postinduction  1.0 
mg./kg.  of  VAD  was  administered,  and  the  animal  was  standing  in  1  minute. 

Trial  No.  2  was  a  control  trial  in  which  chloral  hydrate-magnesium  sulfate 

was  used  as  the  anesthetic  agent.    Respirations  ranged  from  12  to  l6  per  minute 

\ 

during  the  anesthetic  state.    At  20  minutes  postinduction  the  animal  was  able 
to  lift  its  head.    At  37  minutes  postinduction  the  animal  was  standing. 

Trial  No.  3  utilized  pentylenetetrazol  following  pentobarbital  sodium  in- 
duced anesthesia.    Respirations  ranged  from  lit-  to  l6  per  minute.    At  l^i-  minutes 
postinduction  k.2  mg./kg.  of  pentylenetetrazol  was  administered,  and  the  animal 
was  standing  in  kO  seconds.  ;  . 

Trial  No.  k  utilized  pentylenetetrazol  following  chloral  hydrate-magnesium 
sulfate  induced  anesthesia.    Respirations  ranged  from  12  to  19  per  minute.  At 
3k  minutes  postinduction  k-.2  mg./kg.  of  pentylenetetrazol  was  given,  and  the 
patient  was  standing  in  2  minutes. 

Trial  No.  5  was  a  control  trial  involving  pentobarbital  sodium  anesthesia. 
Respirations  ranged  from  ik  to  27  per  minute.    At  13  minutes  postinduction 
the  animal  was  able  to  attain  a  position  of  sternal  recumbency,  but  it  was 
unable  to  stand  until  30  minutes  postinduction. 
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•Erial  No.  6  was  an  experimental  trial  utilizing  VAD  following  chloral 
hydrate-magnesium  sulfate  induced  anesthesia.    Respirations  ranged  from  l6 
to  20  per  minute.    Starting  at  10  minutes  postinduction  4.2  mg./kg.  of  VAD 
vas  given  over  a  2  minute  period.    Some  tonic  and  clonic  spasms  occurred  for 
a  period  of  1  minute  and  standing  occurred  at  3k  minutes  postinduction. 

atrial  No.  7  was  a  control  trial  involving  pentobarbital  sodium  anesthesia. 
It  was  necessary  to  increase  the  dosage  from  12.3  to  15. 6  mg./kg.  to  attain  a 
state  of  narcosis.    A  standing  position  was  attained  at  23  minutes  post- 
induction. 

a?rial  Wo.  8  was  a  control  trial  involving  chloral  hydrate-magnesium 
sulfate  induced  anesthesia.  Respirations  ranged  from  l8  to  20  per  minute. 
Standing  occurred  at  ik-  minutes  postinduction. 


I 
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-  ..  DISCUSSION 

The  use  of  VAD  or  pentylenetetrazol  as  arousal  agents  in  the  equine 
species  has  not  been  reported,  consequently  information  concerning  their 
most  effective  dosage,  rate  of  administration,  and  the  level  of  anesthesia 
at  which  time  the  most  desirable  results  would  be  attained  was  not  available. 
Therefore,  the  dosage,  rate  of  administration,  and  level  of  anesthesia  at 
which  time  the  arousal  agents  were  administered  were  varied  in  an  attempt  to 
establish  the  dose,  rate  of  administration,  and  the  level  of  anesthesia  at 
which  to  administer  the  dr\jgs.  . 

In  considering  the  effectiveness  of  vanillic  acid  diethylamide  and 
pentylenetetrazol  as  arousal  agents,  the  increased  tolerance  which  developed 
to  the  anesthetic  agents  makes  it  difficult  to  make  precise  comparisons. 
Even  the  standing  times  of  the  control  trials  with  these  agents  cannot  be 
accurately  compared  with  the  experimental  trials  due  to  increased  tolerance. 

According  to  Sollmann  (l957)  tolerance  may  be  due  to  nonabsorption,  to  rapid 
elimination,  to  neutralization  or  destruction  of  the  poison,  or  to  anatomic 
perculiarities.    Tolerance  is  rarely  absolute,  so  it  is  incorrect  to  speak  of 
"iiiimunity" .    It  may  be  congenital  or  may  be  developed  by  repeated  adminis- 
tration of  the  poison.    Tolerance  to  habit-producing  drugs  is  largely  psychic: 
the  nervous  centers  learn  to  modify  their  reactions  so  as  to  adapt  them  to 
the  drug  environment. 

Dogs  become  tolerant  to  several  barbiturates  as  determined  by  the  re- 
duction in  sleeping  time  of  a  given  and  frequently  repeated  dose.    A  cross- 
tolerance  for  all  barbiturates  occurs  with  a  tolerance  developed  to  one 
barbiturate.     In  a  dog  with  tolerance  to  a  sleep-inducing  dose  of  a  barbiturate, 
there  is  no  change  in  the  ID^o  dose.     Tolerance  is  soon  lost  by  withdrawal  of 
the  drug  (Jones,  1957)»  ■"  '  .  " 


58 

lEhe  increased  tolerance  to  the  anesthetic  agents  in  these  studies  indi- 
cate that  the  hody  can  adjust  to  repeated  administration  of  these  agents. 
Shis  increased  tolerance  appears  to  be  due  to  the  nervous  system  adjusting 
to  the  anesthetic  agents.  ■ 

In  11  of  the  18  trials  where  VAD  was  utilized  as  an  arousal  agent,  there 
were  tonic  and  clonic  spasms.    In  comparing  the  trials  where  spasms  occurred 
to  those  where  spasms  did  not  occur,  it  appears  that  additional  work  needs  to 
be  done  in  the  area  of  dosage  and  rate  of  administration.    Although  there  is 
some  direct  relationship  between  the  dosage,  the  spasms  and  the  rate  of  admin- 
istration, the  correlation  between  high  dosage  and  rapid  administration  was 
not  consistent.    In  certain  instances,  higher  doses  that  were  given  rapidly 
did  not  produce  spasms.    Conversely,  certain  of  the  trials  involving  low 
dosages  and  some  of  the  trials  where  the  dosage  was  given  slowly  resulted  in 
tonic  and  clonic  spasms. 

In  those  patients  under  surgical  anesthesia^  the  arousal  actions  were 
less  pronounced.    An  increase  in  the  respiratory  rate  was  noted  and  slight 
signs  of  arousal  were  observed  in  these  trials.    Hie  analeptic  effect  usually 
lasted  for  10  minutes  reaching  its  peak  3  minutes  after  the  injection.  The 
respiratory  rate  was  usually  back  down  to  the  rate  before  the  VAD  was  given 
by  10  minutes  postinjection. 

In  those  trials  where  the  animal  was  able  to  stand  follomng  administra- 
tion of  VAD,  relapse  to  surgical  anesthesia  or  narcosis  was  not  observed. 

Of  the  experimental  trials  with  VAD,  there  were  tonic  and  clonic  spasms 
in  11  of  the  I8  trials.    Nine  of  the  I8  trials  were  chloral  hydrate-magnesium 
sulfate  and  9  vith  pentobarbital  sodium.    Spasms  occurred  in  66.7  per  cent  of 
the  chloral  hydrate-magnesium  sulfate  trials  and  in  55-5  per  cent  of  the 
pentobarbital  sodium  trials.  ...         •  v 
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In  comparing  the  trials  where  spasms  occurred  to  those  where  they  did  not 
occur,  the  dosage,  rapidity  of  injection  and  depth  of  anesthesia  are  factors 
which  must  he  considered.    Of  those  trials  where  spasms  occurred  in  chloral 
hydrate-magnesium  sulfate  anesthesia,  the  dosage  ranged  from  k-.2  to  7-7  mg./kg. 
The  k.2  mg./kg.  was  given  over  a  2  minute  period  and  the  7' 7  mg./kg.  over  a 
1  minute  period.    The  longest  period  of  injection  of  those  trials  where  spasms 
occurred  was  15  minutes.    In  this  case  6.4  mg./kg.  of  VAD  was  diluted  in  450  ml. 
of  physiological  saline  and  the  mixture  was  given  slowly  over  a  15  minute  period. 
In  the  3  trials  where  spasms  did  not  occur,  the  dosage  range  was  from  3-2  to 
5.4  mg./kg.    The  3.2  mg./kg.  was  given  over  a  1  minute  period  and  the  5.4  mg./kg. 
was  given  over  a  4  minute  period. 

Of  those  trials  where  spasms  occurred  in  pentobarbital  sodium  anesthesia, 
the  dosage  ranged  from  1.9  to  9-3  mg./kg.    The  1.0  mg./kg.  was  given  over  a 
1  minute  period  and  the  9.3  mg./kg.  over  a  2  minute  period.     In  the  4  trials 
where  spasms  did  not  occur  the  dosage  ranged  from  3.2  to  6.0  mg./kg.     The  3.2 
mg./kg.  was  given  over  a  3  minute  period  and  the  6.0  mg./kg.  over  an  I8  minute 
period. 

The  doses  and  rate  of  administration  utilized  in  the  trials  with 
pentylenetetrazol  did  not  result  in  tonic  and  clonic  spasms  such  as  were 
observed  in  the  VAD  trials.    The  arousal  actions  were  pronounced  in  animals 
that  were  showing  signs  of  recovery  from  the  anesthetic  agents.    The  animal 
was  usually  able  to  stand  within  1  minute  following  administration  of 
pentylenetetrazol  if  the  patient  was  able  to  raise  its  head  prior  to  the  in- 
jection of  the  pentylenetetrazol.  , 

In  those  trials  where  the  patient  was  in  a  state  of  surgical  anesthesia 
at  the  time  of  administration  of  the  arousal  drug,  pentylenetetrazol  would 
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lighten  the  state  of  anesthesia.  But  at  the  doses  employed  standing  did  not 
occur  immediately.     In  those  trials  where  the  animal  was  ahle  to  regain  its 
feet  following  administration  of  pentylenetetrazol^  evidence  of  postpentylene- 
tetrazol  depression  such  as  the  patient  slipping  back  into  a  state  of  narcosis 
was  not  observed.  ;. 

In  those  trials  where  the  animal  was  in  a  state  of  surgical  anesthesia 
and  the  respiratory  rate  was  depressed^  an  analeptic  action  was  noted. 
This  action  usually  lasted  for  10  minutes  reaching  a  maximum  at  about  3 
minutes  postinjection.    The  arousal  effect  in  these  cases  was  characterized 
by  eye  blinking^  swallowing  reflexes ^  and  in  some  cases  by  the  animal  liftings 
its  head.     In  such  cases  the  patient  usually  regressed  back  into  the  approxi- 
mately same  state  of  anesthesia  that  it  was  before  the  administration  of 
pentylenetetrazol.    These  animals  would  generally  seem  to  recover  at  about 
the  same  rate  as  the  controls  unless  additional  pentylenetetrazol  was  adminis- 
tered as  the  animal  was  starting  to  show  signs  of  recovery. 

Based  on  the  observations  in  these  trials  it  would  appear  that 
pentylenetetrazol  has  several  advantages  over  vanillic  acid  diethylamide 
at  the  dosages  and  rates  of  administration  that  were  employed  in  this  study. 
The  arousal  times  were  generally  shorter  and  nervous  excitement  was  not  observed 
when  pentylenetetrazol  was  utilized  as  the  arousal  agent.    With  VAD  there  were 
spasms  in  11  of  the  l8  trials. 

In  horses  \mder  surgical  anesthesia  neither  of  the  agents  employed  were 
able  to  arouse  the  patient  to  the  point  where  he  could  stand.    Both  VAD  and 
pentylenetetrazol    were  effective  as  analeptic  agents.     The  duration  of 
action  was  approximately  the  same  for  both  of  the  agents. 
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The  need  for  an  effective  arousal  agent  in  the  equine  species  has  "been 
generally  recognized  particularly  because  of  the  variation  in  response  to 
an  intravenous  anesthetic  in  this  species.    The  intravenous  anesthetics  are 
conmonly  used  by  the  equine  specialist  due  to  the  low  cost  of  the  anesthetic, 
ease  of  administration,  and  minimal  requirement  for  professional  assistants, 
however  the  unpredictable  and  often  prolonged  recovery  time  has  kept  many 
general  practitioners  from  using  intravenous  anesthesia  in  the  equine  species. 

A  comparative  evaluation  of  vanillic  acid  diethylamide  (VAD)  and 
pentylenetetrazol  was  undertaken  with  the  possibility  that  either  of  these 
might  greatly  reduce  the  recovery  time  following  intravenous  anesthesia 
and  thus  increase  the  practicality  of  this  type  of  anesthesia  in  all  types 
of  practice. 

Eight  horses  of  varying  ages,  weights,  and  breeds  were  utilized  in  the 
study.    Four  of  the  animals  were  females  and  k  were  castrated  males. 

Control  trials  consisted  of  anesthetizing  each  animal  with  pentobarbital 
sodium  or  chloral  hydrate -magnesium  sulfate  solution  and  allowing  the  animals 
to  recover  normally.    Experimental  trials  consisted  of  anesthetizing  each 
animal  with  either  pentobarbital  sodium  or  chloral  hydrate-magnesivun  sulfate 
and  then  administering  pentylenetetrazol  or  VAD. 

Because  of  the  difference  in  response  to  the  anesthetic  agents  employed, 
varying  doses  of  pentobarbital  sodium  and  chloral  hydrate-magnesitun  sulfate 
were  utilized.    The  dose  of  the  anesthetic  agent  required  to  produce  narcosis 
was  initially  determined  in  the  first  trial  with  each  of  the  anesthetic 
agents.    Subsequently  this  dose  was  administered  in  each  of  the  succeeding 
trials  with  that  agent.    When  the  animal  had  developed  tolerance  to  the 
anesthetic  agent  so  that  a  state  of  narcosis  was  not  attained,  then  the 
dosage  was  increased  to  provide  the  state  of  narcosis  necessary  to  evaluate 
the  arousal  agent,  ■    ,  -  , 
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Lack  of  reports  in  the  literature  concerning  dosages,  rates  of  adminis- 
tration, and  the  ideal  level  of  anesthesia  at  which  time  to  administer  the 
arousal  agents,  made  it  necessary  to  utilize  various  dosages  and  rates  of 
administration  within  the  experimental  procedures. 

Tolerance  to  pentobarbital  sodium  was  demonstrated  in  8  animals  and 
tolerance  to  chloral  hydrate-magnesium  sulfate  was  demonstrated  in  5  animals. 
The  use  of  pentylenetetrazol  as  an  arousal  agent  in  those  animals  under  light 
narcosis  was  particularly  effective  in  this  study.    Vanillic  acid 
diethylamide  was  not  as  an  effective  arousal  agent  as  pentylenetetrazol  at 
the  doses  and  rates  of  administration  that  were  utilized  in  this  study.  Both 
VAD  and  pentylenetetrazol  were  effective  analeptic  agents  when  utilized  in 
patients  that  were  in  a  state  of  surgical  anesthesia.    Neither  VAD  or 
pentylenetetrazol  was  effective  in  arousing  the  patient  to  a  point  that  it 
could  stand  within  a  short  period  of  time  if  the  arousal  agent  was  given 
while  the  animal  was  in  a  state  of  surgical  anesthesia. 

Mild  to  severe  spasms  occurred  in  6l.l  per  cent  of  the  trials  where 
VAD  was  employed  as  the  arousal  agent.    It  was  difficult  to  correlate  the 
dose  and/or  rate  of  administration  of  the  drug  in  those  trials  where  spasms 
occurred. 

The  results  obtained  in  this  experimental  study  indicated  that  pentylene- 
tetrazol was  apparently  superior  to  vanillic  acid  diethylamide  as  an  arousal 
agent  in  the  equine  species  whereas  both  drugs  were  nearly  equal  in  their 
effectiveness  as  respiratory  analeptics  in  those  animals  in  a  state  of 
s\argical  anesthesia. 


